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The f o l l o w i n g  o u t l i n e s  p r o g r e s s  made d u r i n g  t h e  t h i r d  s i x  
months  p e r i o d  o f  t h e  c o o p e r a t i v e  a g r e e m e n t ,  f rom 15 November 

1 9 8 6  t o  14 May 1987. 

S p a c e l a b  Data A n a l y s i s  

An i n t e n s i v e  e f f o r t  w a s  made t o  abs t rac t  t h e r m a l  i o n  mass 
s p e c t r o m e t e r  m e a s u r e m e n t s  made d u r i n g  t h e  S p a c e l a b  2 S h u t t l e  
m i s s i o n  from m i s s i o n . d a t a  t a p e s .  Computer s o f t w a r e  was 
d e v e l o p e d  t o  dump t h e  i o n  measurements  f rom t h e  m i s s i o n  d a t a  

t a p e s  u s i n g  a VAX compute r .  P r i n t o u t s  o f  t h e  e n t i r e  d a t a  base 

were produced .  F l o p p y  d i s k  copies of t h e  da ta  base were made 

t o  p e r f o r m  c o r r e l a t i o n  a n a l y s i s  and  p l o t s  on  a n  IBM AT. 

S o f t w a r e  w a s  a l s o  d e v e l o p e d  f o r  r e a d i n g  a n d  a b s t r a c t i n g  S h u t t l e  

d a t a  f rom t h e  m i s s i o n  a n c i l l i a r y  data  tapes - s u c h  a s  a t t i t u d e ,  
p o s i t i o n ,  t h r u s t e r  f i r i n g s ,  e t c .  T h e  i o n  measu remen t s  were 
c o r r e l a t e d  w i t h  t h e  a n c i l l i a r y  d a t a  f o r  d i f f e r e n t  p h a s e s  o f  t h e  

S p a c e l a b  m i s s i o n  i n  o r d e r  t o  u n d e r s t a n d  t h e  S h u t t l e  e n v i r o n m e n t .  

San  Marco A c t i v i t y  

A m i n i c o m p u t e r  (Masscomp 500) w a s  i n t e r f a c e d  t o  other  VAX 

a n d  I B M  c o m p u t e r s  a n d  t o  t h e  N S S D C  c e n t e r  f o r  t h e  p u r p o s e  o f  
t r a n s f e r r i n g  s c i e n t i f i c  d a t a  o r  mai l  m e s s a g e s  e i t he r  d i r e c t l y  

o r  t h r o u g h  n e t w o r k s  s u c h  a s  B i t n e t ,  S P A N ,  or  LJUCP, S o f t w a r e  

was d e v e l o p e d  t o  a c q u i r e  raw San  Marco t e l e m e t r y  d a t a ,  p r o c e s s  
i t  a n d  store t h e  r e d u c e d  d a t a  i n  a c a t a l o g e d  d a t a  base. 

A s s i s t a n c e  w a s  p r o v i d e d  i n  t h e  g e n e r a t i o n  o f  a n  e m p i r i c a l  model 

o f  t h e  t h e r m o s p h e r i c  n e u t r a l  t e m p e r a t u r e ,  v e r t i c a l  w ind  a n d  
z o n a l  wind. T h i s  a c t i v i t y  i s  i n  s u p p o r t  o f  t h e  upcoming l a u n c h  

of S a n  Marco. 

M o l e c u l a r  P h y s i c s  

Computer p r o g r a m i n g  w a s  u n d e r t a k e n  a n d  g r a p h i c s  prepared 
f o r  t h e  f o l l o w i n g  p rob lems :  
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(1) Atmospher i c  odd oxygen p r o d u c t i o n  d u e  t o  t h e  

( 2 )  Temperature dependence  o f  t h e  band o s c i l l a t o r  
p h o t o d i s s o c i a t i o n  of i s o t o p i c  m o l e c u l a r  oxygen  

s t r e n g t h  i n  d i a t o m i c  m o l e c u l e s  

(3) D e t e r m i n a t i o n  of t h e  B e t h e  c o e f f i c i e n t s  i n  ion-atom 

c o l l i s i o n s .  

S t e l l a r  Energy  A n a l y s i s  

Approx ima te ly  100 IUE s p e c t r a l  images  o f  a lpha  c e n t a u r i  
were examined and  a s u b s e t  s e l e c t e d  f o r  a n a l y s i s .  The s p e c t r a  

of these da ta  sets w e r e  examined i n  t h e  cont inuum r e g i o n  t o  
e s t a b l i s h  t h e  e x i s t e n c e ,  w i t h i n  measurement  a c c u r a c y ,  o f  t h e  

v a r i a b i l i t y  of t h e  s t e l l a r  e n e r g y  o u t p u t .  R e s u l t s  s u g g e s t  t h a t  

there is a s i g n i f i c a n t  v a r i a b i l i t y .  T h e  r e s u l t s  a re  b e i n g  
a p p l i e d  t o  t h e  q u e s t i o n  o f  t h e  v a r i a b i l i t y  o f  o u r  sun .  

T r o p o s p h e r e  Data  A n a l y s i s  

R e s e a r c h  a c t i v i t y  h a s  c o n c e n t r a t e d  upon a n a l y s i s  of 

atmospheric a n g u l a r  momentum f l u c t u a t i o n s  a s s o c i a t e d  w i t h  l a r g e  

v a r i a t i o n s  i n  t h e  E a r t h  r o t a t i o n  rate. T h e  momentum b e h a v i o r  

f o r  t h e  p e r i o d  1977  t o  1 9 8 4  h a s  been  d e r i v e d  from a n  a r c h i v e  of 
t h e  N a t i o n a l  M e t e o r o l o g i c a l  C e n t e r ,  c o n t a i n i n g  2.5 by 2.5 

d e g r e e  z o n a l  wind g r i d s ,  r e p o r t e d  a t  1 2  p r e s s u r e  l e v e l s  be tween  

1000 and  50 m b .  

A n a l y t i c a l  methods  were d e v e l o p e d  t o  d e t e r m i n e  t h e  n e t  
f l u x  o f  a n g u l a r  momentum a c r o s s  l a t i t u d e  bands ,  r e v e a l i n g  t h a t  

a p h y s i c a l  i n t e r c h a n g e ,  o r  "seesaw" o f  momentum t a k e s  p lace  o n  

t i m e  scales from a b o u t  50 d a y s  down t o  i n t e r v a l s  a s  s h o r t  a s  

o n e  week or less. T h e s e  e x c u r s i o n s  i n  momentum a r e  most 

p r o m i n e n t  be tween m i d  a n d  h i g h  l a t i t u d e s ,  and  a re  a t  t i m e s  

s u f f i c i e n t  t o  d o m i n a t e  t h e  g l o b a l  v a r i a t i o n  i n  a t m o s p h e r i c  

momentum. These  e x c u r s i o n s  a r e  p r e s e n t  s i m u l t a n e o u s l y  a t  a l l  

a l t i t u d e s  u p  t o  t h e  u p p e r  s t r a t o s p h e r e ,  and a r e  i n t e r p r e t e d  a s  
e v i d e n c e  of eddy t r a n s p o r t .  R e s u l t s  a re  t o  be s u b m i t t e d  t o  J A S .  
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Voyager E n c o u n t e r  A n a l y s i s  

E x i s t i n g  s o f t w a r e  and a n a l y s i s  programs have  b e e n  

r e w r i t t e n  a n d  m o d i f i e d  t o  allow t h e  d e t a i l e d  a n a l y s i s  of plasma 

measurements  from t h e  Voyager s p a c e c r a f t  e n c o u n t e r s  w i t h  

- S a t u r n .  A b e g i n n i n g  h a s  been made on a d e t a i l e d  s t u d y  of t h e  

i n t e r a c t i o n  o f  t h e  i o n i z e d  a t m o s p h e r e s  o f  t h e  moons o f  S a t u r n  
w i t h  S a t u r n ' s  magne tosphe re .  I n v e s t i g a t i o n s  w i l l  i n c l u d e  a 
s t u d y  of t h e  p l u m e - l i k e  e x t e n s i o n s  of  T i t a n ' s  uppe r  atmospherer 

a s t u d y  of t h e  d e n s e  h i g h  p r e s s u r e  plasma t h a t  p o p u l a t e s  l o w  
m a g n e t i c  l a t i t u d e s  a n d  may o r i g i n a t e  from S a t u r n ' s  i n n e r  moonsl 

and  plasma i n s t a b i l i t y  processes associated w i t h  t h e s e  
i n t e r a c t i o n s ,  

T h i s  r e s e a r c h  has a l r e a d y  s t i m u l a t e d  a t h e o r e t i c a l  paper r  

" E f f e c t s  of F i n i t e  Plasma P r e s s u r e  on t h e  L o s s  o f  S a t u r n ' s  

N i g h t s i d e  P l a s m a s h e e t "  by S.A. C u r t i s  and E.C. S i t t l e r ,  Jr. 
which  w i l l  be s u b m i t t e d  to  J G R .  

A theore t ica l  i n v e s t i g a t i o n  w a s  c o n d u c t e d  o f  T i t a n ' s  i o n  

d e n s i t y  a n d  c o m p o s i t i o n  a n d  r e s u l t s  compared w i t h  d a t a  from t h e  

P i o n e e r  f l y b y .  

S i m i l a r  s t u d i e s  were i n i t i a t e d  on Uranus,  

Laser  A c t i v i t y  

b a c k s c a t t e r  u s i n g  C02 l a s e r  wavelengths .  T h e  f i r s t  t a s k  

i n v o l v e d  t h e  i n t e g r a t i o n  o f  a l aser  p r e - a m p l i f i e r  a n d  

l o w - p r e s s u r e  g a i n  c e l l  i n t o  t h e  e x i s t i n g  10 m i c r o n  C02 l a se r  
b a c k s c a t t e r  a p p a r a t u s .  T h i s  w a s  f o l l o w e d  by a ser ies  of 

aerosol  measurements .  Development o f  diode-pumped Nd:YAG l a se r  
s o u r c e s  f o r  a l t i m e t r y  a p p l i c a t i o n s  was c o n t i n u e d .  

Work h a s  c o n c e n t r a t e d  o n  measurement  o f  i n f r a r e d  ae roso l  

- 

Development o f  a d a t a  s y s t e m  e l e c t r o n i c s  a n d  c o m p u t e r  

o p e r a t i n g  s y s t e m  f o r  t h e  S h u t t l e  Laser A l t i m e t e r  p r o t o t y p e  f o r  

f l i g h t  o n  Wallops F l i g h t  F a c i l i t y  (WFF) a i r c r a f t  h a s  a l s o  

c o n t i n u e d .  
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Work is  u n d e r  way i n  s u p p o r t  o f  t h e  b a l l o o n  b o r n e  l a s e r  
radar .  T h i s  i n s t r u m e n t  u s e s  t h e  t e c h n i q u e s  of laser  i n d u c e d  

f l u o r e s c e n c e  and  d i f f e r e n t i a l  a b s o r p t i o n  f o r  t h e  measurement  o f  

h y d r o x y l  r a d i c a l  a n d  ozone  i n  t h e  s t r a t o s p h e r e .  T h e  s y s t e m  is  

s c h e d u l e d  t o  f l y  twice a y e a r  f o r  t h e  n e x t  f e w  y e a r s .  Computer  
a n a l y s i s  of ozone  d a t a  o b t a i n e d  on t h e  most r e c e n t  f l i g h t s  o f  

t h e  l i d a r  is b e i n g  u n d e r t a k e n .  

G r a v i t y  Wave S t u d y  
A t h r e e - d i m e n s i o n a l  g rav i ty -wave  program w a s  m o d i f i e d  t o  

c a l c u l a t e  t h e  r e s p o n s e  t o  atmospheric p e r t u r b a t i o n s  i n  m a g n e t i c  

c o o r d i n a t e s  i n s t e a d  o f  g e o g r a p h i c  c o o r d i n a t e s .  Dynamics 

E x p l o r e r  2 S A 1  t e l e m e t r y  w a s  c o n v e r t e d  i n t o  a u r o r a l  images  t o  
be u s e d  t o  compute t h e  s o u r c e s  of t h e  g r a v i t y  waves. T h i s  

model is b e i n g  a p p l i e d  t o  Venus s t u d i e s .  

Venus S t u d i e s  

E l e c t r o n  d e n s i t y  a n d  t e m p e r a t u r e  f l u c t u a t i o n s  i n  t h e  Venus 

n i g h t s i d e  i o n o s p h e r e  were correlated w i t h  t h e  Venus m a g n e t i c  
f i e l d  c o n f i g u r a t i o n  t o  he lp  i d e n t i f y  e l e c t r o n  heat  s o u r c e s .  A 

paper on  t h i s  t op ic  is b e i n g  prepared f o r  J. Geophys. Rev. A 

s t u d y  w a s  made of t h e  u s e  of Langmuir  probe p h o t o e l e c t r o n  
c u r r e n t  o n  t h e  P i o n e e r  Venus spacecraf t  d u r i n g  s o l a r  
o c c u l t a t i o n  o p p o r t u n i t i e s  fo r  d e t e r m i n i n g  t h e  atmospheric 

d e n s i t y  below l O O k m  a l t i t u d e .  S t u d i e s  were a l s o  c o n d u c t e d  of 

t h e  u s e  of t h e  Langmuir probe f o r  measurement  of t h e  So la r  E U V  

f l u x  i n  t h e  v i c i n i t y  of Venus. 

S h u t t l e  E n v i r o n m e n t a l  S t u d i e s  
F u r t h e r  deve lopmen t  of t h e  S p a c e  S h u t t l e  E n v i r o n m e n t a l  

d a t a  base w a s  carried o u t ,  i n c l u d i n g :  1) u p d a t i n g  t h e  d a t a  f o r  
some of t h e  e n v i r o n m e n t a l  d i s c i p l i n e s :  2) t r a n s f e r r i n g  t h e  data  

base t o  t h e  micro VAX 11; 3) p r e l i m i n a r y  deve lopmen t  o f  a more 
u s e r  f r i e n d l y  da ta  base program f o r  i n t e r a c t i o n  w i t h  t h e  u s e r s ;  
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4 )  d e v e l o p m e n t  of a g r a p h i c s  s y s t e m  t o  s u p p l e m e n t  t h e  t e x t  d a t a  
base: a n d  5) p u b l i c a t i o n  of t h e  n e w s l e t t e r s .  P r o c e e d i n g s  o f  

t h e  w o r k s h o p  h e l d  a t  t h e  Be lmon t  c o n f e r e n c e  c e n t e r  i n  S e p t e m b e r  
1986 t o  e v a l u a t e  a n d  p l a n  t h e  da t a  base a c t i v i t y  a r e  b e i n g  

prepared f o r  p u b l i c a t i o n ,  a n d  a f u r t h e r  workshop  a t  B e l m o n t  w a s  
h e l d  i n  l a t e  May 1987. P l a n s  h a v e  b e e n  d e v e l o p e d  f o r  
e s t a b l i s h i n g  a Space S t a t i o n  E n v i r o n m e n t a l  da t a  base p rogram.  
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List of Publications 

Thermal Ion Complexities Observed within the Spacelab 2 Bay 
J.M. Grebowsky, H.A. Taylor, M.W. Pharo, and N. Reese 

submitted to Science. 

Thermal Ion Perturbations Observed in the vicinity of the Space 
Shuttle 
J.M. Grebowsky, H.A. Taylor, Jr., M.W. Pharo, 111, and 
N. Reese 
accepted for publication Planetary and$ Space Science. 

Atmospheric Odd Oxygen Production due to the Photodissociation 

of Ordinary and Isotropic Molecular Oxygen 
K. Omidvar and J.E. Frederick 
accepted for publication in Planetary and Space Science 

Effects of Finite Plasma Pressure on the Loss of Saturn's 

Nightside Plasmasheet 
S.A. Curtis and E.C. Sittler, Jr. 
in preparation for submission to J. Geophysics Research. 

DE/ISIS Conjunction Comparison of High-Latitude Electron Density 
Features 
W.R. Hoegy and R.F. Benson 

submitted to J. Geophysics Research. 

Design of a Multiple-pass Laser Diode pumped Nd-YAG Amplifier 
K. Chan 
submitted to Applied Optics 

C02 Laser Pre-amplifier for LIDAR Applications 
K. Chan and J.L. Bufton 
in preparation for submission to Applied Optics 
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